By complete reading of the genome sequence, in the near future we will be able to determine the role of genomic DNA sequence variation among individuals, such a single nucleotide polymorphism (SNP), in the pathogenesis of diseases and responses to drugs. Comprehension of the genome will also accelerate understanding of the transcriptome, the whole transcripts present in a cell. Messages induced by a new therapy, such as an unexpected adverse effects, will not be missed by using such a comprehensive assay. Allergic diseases will be classified into subtypes depending on the impaired or affected molecule. Herein, I introduce our research strategy for genomewide analysis of SNP related to asthma, granted by the Millennium Genome Project of the Japanese Government, and review the recent results of transcriptome analysis using microarray technology.
I NTRODUCTION
By using the genome sequence, [1] [2] [3] it is expected that we will resolve previously unanswered questions, such as the probability of diseases. Now, we have obtained tools for examining what the role of genomic DNA sequence variations among individuals, such a single nucleotide polymorphism (SNP), 4 is in the pathogenesis of diseases and responses to drugs. Comprehension of the genome will also accelerate the understanding of the transcriptome, 5 the whole transcripts present in a cell, and the proteome, 6 the whole protein molecules present in a cell that control cellular function (Fig. 1 ). Until recently, considerable time and labor was required to measure expression levels of genes, even for 100 transcripts. However, by using the recently developed DNA chip technology (i.e. cDNA microarrays 7 and high-density oligonucleotide probe arrays 8 ), such systematic analysis of transcriptomes has become practical. Even in the past few years, such techniques have spread rapidly over many research fields, 7-10 including our own. [11] [12] [13] [14] [15] [16] [17] [18] [19] Here, I introduce our research strategy for the genome-wide analysis of SNP related to asthma, granted by the Millennium Genome Project of the Japanese Government, and review the recent results of transcriptome analysis using DNA chip technology.
S TRATEGY FOR DISCOVERING THE SNP RESPONSIBLE FOR ASTHMA AND ATOPY
In contrast with the term 'mutation', which exists in < 1% of the whole population and often causes serious hereditary diseases, SNP are present in > 1% of the population and determine common individual variations, such as hair color. 4, 20 Single nucleotide polymorphisms are seen in 0.1% (approximately 3 million pairs) of all genomic DNA sequences and are the most common variation. Thus, by examining SNP, it is expected that the probability of onset of common diseases, such as hypertension 21 or drug sensitiviy, 22 can be determined. Mutation due to single nucleotide replacement in the case of an intractable disease and the SNP responsible for drug sensitivity are often accompanied by complete loss of function of the protein. In H SAITO contrast, the SNP responsible for common diseases are accompanied by a mild reduction in the expression level or function of gene products and should be affected by environmental factors (Fig. 2) . Of the various single nucleotide replacements responsible for drug sensitivity, in cases in which the gene product is unnecessary for Fig. 1 Genome, transcriptome, proteome. The gene is transcribed and spliced into mRNA (i.e. the transcript). The mRNA is then translated into the protein. The term 'genome' means all the genetic information, including all genes. The term 'transcriptome' means all transcripts expressed in a cell and the term 'proteome' means all the functional elements in a cell. Fig. 2 Effect of single nucleotide replacement. If the protein completely loses its function, it often becomes life threatening. Lifethreatening nucleotide replacement inhibits the expansion of family members over the course of the long human history; thus, it should be a rare mutation. If the loss-of-function protein did not affect the survival of our ancestors, the nucleotide replacement can be a common single nucleotide polymorphism. With regard to polygenic common diseases, mild loss of function due to nucleotide replacement may be involved.
human survival, such as in the case of alcohol dehydrogenase, the variation may be quite common. 23 However, when the gene product is essential for survival, the functional loss should be very mild.
The term 'atopy' was coined in 1923 based on the Greek word which means atypical, because it was rare. The original concept of atopy has been explained as an inherited predisposition to immediate-type hypersensitivity reactions to common allergens. However, atopy is currently considered to be acquired often as a result of environmental influences because its prevalence is increasing worldwide. When atopy is defined as one or more positive results for specific IgE antibodies against common allergens using in vitro or skin prick tests, the prevalence of atopy is increasing in Japan. 24 In a cohort genomic study for atopy related genes, we found that the prevalence of atopy was 92% in medical students raised in large cities in Japan. In a private company, 88% of workers born in 1971 or later were atopic, whereas only 44% workers born before 1971 were atopic. 25 Children raised on a farm tended to be less sensitized to common allergens and have a lower prevalence of atopic diseases. 26, 27 Although the exact mechanisms remain to be determined, recent studies suggest that exposure to endotoxin and other microbial components early in life through contact with livestock may play an important role in predisposing infants to a non-atopic constitution.
28,29 Therefore, this difference in the prevalence of atopy between the young and elderly may be related to the rapid improvements in hygiene in the 1970s in Japan.
Nevertheless, the definition of atopy is crucial in casecontrol genomic studies of atopic diseases. It may be necessary to define high atopy as serum IgE greater than or equal to 10-fold 1 SD from normal plus multiple positive RAST scores. 30 Bronchial asthma is often considered to represent atopic disease, but is really a group of diseases having similar symptoms with several different pathological factors. 31 For instance, childhood and adult asthma have many different etiologies. There are so many adult patients, but not childhood patients, whose asthma pathology is based on IgE-independent inflammation and inappropriate remodeling of airway tissue following inflammation 32 or aspirin sensitivity. 33 In contrast, rhinovirus infections are common in asthma attacks seen in pediatric patients. 34 Therefore, to detect the SNP on a molecule affecting a certain type of asthma, we should specify what type of asthma by analyzing the clinical information in detail.
P HARMACOGENETICS OF ANTI -ASTHMA DRUGS
Drug sensitivity based on genetic variance is considered to be due to at least two different mechanisms. One is the response to the drug and the other is drug metabolism. Considering the drug response, a complete nonresponding gene for anti-asthma drugs has not been identified and should not be common because the majority of anti-asthma drugs are related to natural hormones, such as glucocorticosteroids. Most studies regarding glucocorticoid-resistance in asthma and other allergic diseases explain glucocorticoid-resistance as due to competitive actions by inflammatory cytokines. That is, glucocorticoid-resistant patients usually have severe inflammation followed by increased levels of the transcriptional factor nuclear factor (NF)-κ B and the glucocorticoid receptor β , a decoy receptor, through cytokine activation.
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Regarding β 2 -adrenergic receptors, there is a functional SNP affecting the affinity of these receptors for agonists. When asthmatic patients who have an arginine/ arginine replacement in the 16th amino acid residue in the β 2 -adrenergic receptor receive β 2 -adrenergic receptor agonist therapy for 3 months, their lung function is downregulated after withdrawal of the agonist. 36 Although the level of downregulation of β 2 -adrenergic receptors is very low, it may sometimes cause asthma death.
In contrast with SNP related to the drug response, many genetic variances are considered to be present in metabolic enzymes, especially in the cytochrome P450 system. 37 We have found that such SNP exist in cytochrome P450 enzymes for glucocorticosteroid metabolism. 38 The SNP present in cytochrome P450 enzymes may be related to the adverse reactions to drugs. It will be important to determine whether such SNP are related to the adverse reactions to glucocorticosteroids, such as glaucoma.
A PPLICATION OF DNA CHIP TECHNOLOGY TO THE TRANSCRIPTOME PROJECT
To understand the functional roles of the entire genome, analysis of the proteome may be necessary. However, a proteome assay is not yet practical, although recent technological developments have made it possible to measure a few hundred proteins at once. In fact, the majority of proteins present in the proteome are still in the 'black box' and their number is speculated to be > 100 000, even if variable immunoglobulins and T cell receptors are not included. Thus, it remains laborintensive to analyze even 1% of proteins present in the proteome. In contrast with proteomes, a transcriptome assay has already become practical following rapid developments in microarray technology. Now, there are tools available for measuring the expression levels of 30 000 genes at once. It should be stressed that almost all gene expression levels can be measured using recent DNA chip technology, because the number of genes present in the genome is estimated to be 30 000-40 000. The 'transcriptome' refers to all, not simply many, transcripts expressed in a cell. We will not miss any previously unexpected adverse effects induced by a new therapy by using such a comprehensive assay (Fig. 3) .
The transcriptome assay is useful for discovering new diagnostic molecules. We have discovered 770 new genes, which are expected as diagnostic tools or drug targets, by using transcriptome assays in collaboration with Genox Reseach Inc. (Kawasaki Laboratory, Teikyo Univeristy Biotechnology Center, Kanagawa, Japan; http://www.genox.co.jp/).
14-17 The transcriptome assay is also useful for detecting unexpected observations that are often opposite or unrelated to previously published information. We screened for cell-type specific gene expression among the transcriptome in human mast cells compared with other cell types. Of the transcripts for expected mast cell-specific proteins, such as tryptase, major basic protein (MBP), which had been thought to be mostly eosinophil specific, was found to be expressed abundantly by human mast cells.
12 Mast cells obtained from four different sources were found to have high protein levels of MBP in their granules. Without using comprehensive analysis such as DNA chip technology, nobody would have found such an unexpected result.
Animal models of allergic inflammation have been informative. The use of murine models of asthma has increased mainly due to the ability to selectively knock out genes that block specific pathways in the pathogenesis of the disease. However, there is controversy over the relevance of these murine models of asthma. 39, 40 It should be noted that murine models of asthma lack the epithelial injury due to the deposition of eosinophil granule components, such as MBP.
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Thus, we used GeneChip (Affymetrix, Santa Clara, CA, USA) to compare the transcriptomes of human and mouse mast cells, because rodent mast cells are common experimental tools but are somewhat different from their Fig. 3 Impact of genome-wide examination. Transcriptome assay may be useful for detecting previously undiscovered sideeffects. The upper part of this figure symbolizes the conventional laboratory examination and the lower part symbolizes new laboratory examinations using the transcriptome or proteome. In the upper part of the figure, the drug was judged to be useful by conventional examination. However, you will find adverse effects by screening all elements, as can be seen in the left-hand-most side tree.
human counterparts in their responses to certain cytokines and drugs. After stimulation via high-affinity IgE receptors (Fc ε RI), the transcriptional levels of several CC chemokines (i.e. I-309, macrophage inflammatory protein (MIP)-1 α and MIP-1 β ) were found to be markedly upregulated among the transcriptomes of both human and mouse mast cells. 13 These results suggests that mast cells play a crucial role in recruitment of various CC receptor (CCR)-expressing cells into the tissue in an IgE-dependent manner and that Fc ε RI-mediated induction of several CC chemokines is highly conserved between humans and mice. In contrast, many other genes are expressed in one of either type of mast cells 
C ONCLUDING COMMENTS
In the very near future, the probability of asthma, as well as that of other allergic diseases, will be examined in every hospital by screening all SNP and transcriptome information related to the diseases. However, until now, even the most-risky SNP combination related to asthma has only a two-to threefold odds ratio with controls 41 and most SNP research papers deal only with statistical probability. The effect of SNP on the protein structure or expression levels has not usually been investigated. Therefore, the SNP responsible for asthma and other allergic diseases are sometimes different depending on the publication and/or race or community studied. Now, we need to resolve many problems before the clinical application of such genomic information regarding asthma and other allergic diseases. Among these problems, the problem regarding the diagnosis of asthma should be resolved urgently. Allergic diseases will be classified into subtypes depending on the affected molecule. For instance, the diagnosis will be performed based on the affected molecules, such as intercellular adhesion molecule-1-signaling pathwayaffected rhinovirus-induced asthma or a disintegrin and metalloproteinase (ADAM)-33-affected glucocorticoidresistance asthma with hypertrophic airway smooth muscle.
